Introduction {#s1}
============

The human papillomavirus (HPV) consists of a circle of double-stranded DNA (approximately 8,000 base pairs long) enclosed in an approximately 50-nm protein capsid without an envelope and belongs to the family of papillomaviridae, with infection generally occurring in skin and mucosa \[[@R01], [@R02]\]. The HPV genome is composed of six early open reading frames (ORFs) (E1, E2, E4, E5, E6, and E7), two late ORFs (L1 and L2), and a non-coding long control region (LCR) \[[@R01]\]. The LCR sequence is important for regulation of viral replication and transcription of early genes. In the early 1980s, HPV16 was identified as the cause of cervical cancer by zur Hausen and colleagues \[[@R03]\]. To date, more than 150 HPV genotypes have been reported, of which approximately 40 infect the anogenital and oral mucosa regions \[[@R04]\]. Mucosal HPV types, associated with cervical, vulvar, vaginal, and anal cancers, are divided into low-risk and high-risk types \[[@R05]\].

HPV infection is a major cause of anogenital cancer, while oral HPV infection is also related to the development of oral cancer and prognosis of affected patients \[[@R05], [@R06]\]. In addition, we previously reported that approximately 80% of HPV16-positive oral epithelial dysplasia lesions finally progress to cancer \[[@R05]\]. These findings indicate that oral HPV infection is significantly associated with the malignant transformation of precursor lesions. Another study found that oral and oropharyngeal squamous cell carcinoma (OSCC) patients with an intra-tumoral HPV16 infection had better prognosis as compared to those without an HPV16 infection \[[@R06]\], indicating that HPV16 infection status may have prognostic significance in such cases. However, few epidemiologic studies have focused on oral HPV prevalence in healthy individuals (i.e., cancer free) and risk factors for oral HPV infection have not been fully elucidated. The objective of this study was to provide updated information about oral HPV prevalence in individuals worldwide without oral cancer. In addition, we performed a meta-analysis to find significant risk factors related to oral HPV infection.

Materials and Methods {#s2}
=====================

Search strategy {#s2a}
---------------

The "PubMed" search engine of the National Institutes of Health was employed to search for the keywords "HPV" and "Oral" in studies published in English from January 2012 to June 2015, resulting in 640 papers found. After reviewing the titles and abstracts for relevance, we excluded reviews and meta-analyses (n = 121), case reports (n = 5), and *in vitro* analyses that used cell cultures or animal models (n = 91). We also excluded articles that focused on cases of oropharyngeal cancer, pre-malignant lesions, or inflammatory oral lesions (n = 270), HIV-infected or immunosuppressed subjects (n = 28), subjects who had not been tested for oral HPV infection (i.e., those who underwent serological or cervical smear testing) (n = 57), and subjects vaccinated against HPV (n = 17), as well as questionnaire surveys, brief communications, and commentaries (n = 6). That resulted in 45 eligible studies of oral HPV infection. Next, we excluded those that examined fewer than 100 subjects (n = 8) or infants (n = 2). As for studies focused on HIV-infected individuals, if HIV-negative subjects were included as controls, then that study (n = 6) was included in our analysis. We finally identified 29 papers after excluding those with overlapping study populations (n = 12) \[[@R07]\]. The data extracted were first author, publication year, country, year of study, study population, sample size, age, gender, sampling method, and HPV DNA detection method, as well as prevalence of any type of HPV, and high- and low-risk HPV.

Statistical analysis {#s2b}
--------------------

HPV prevalence was calculated by dividing the number of HPV-positive cases by the total number of cases tested. In addition, HPV type-specific contribution was defined by dividing the number of cases positive for a specific type (e.g., high- and low-risk HPV, and HPV16) by the total number of cases examined for a specific type. The odds ratio (OR) and 95% confidence interval (CI) were calculated to examine risk factors for oral HPV prevalence. Overall heterogeneity across the analyzed studies was evaluated using the I^2^ statistic as the percentage of variation due to heterogeneity (I^2^ \> 50% considered to be statistically significant). To summarize the ORs, a fixed-effect model (Mantel-Haenszel method) was used if no significant heterogeneity was present. When significant heterogeneity was present, a random-effect model (DerSimonian and Laird method) was alternatively applied. Publication bias was assessed using a funnel plot and Begg's rank correlation test. Data were analyzed using the statistical software EZR, which is a graphical user interface for R \[[@R36]\]. All statistical test results were considered significant at the level of P \< 0.05.

Results {#s3}
=======

Collection of oral samples {#s3a}
--------------------------

We identified 29 studies that included 22,756 subjects (10,124 males, 12,623 females, and nine unknown gender; age range 2 - 89 years). They were conducted in the United States (n = 7), Brazil (n = 4), Australia (n = 2), Finland (n = 2), Sweden (n = 2), Austria, Canada, China, Costa Rica, Germany, Hungary, Iran, Netherlands, Pakistan, United Kingdom, and South Africa (n = 1), and as a consortium of three countries (Brazil, Mexico, and United States) (n = 1). Data for the selected variables (i.e., first author, publication year, country, study population, number of subjects, gender, age, sample collection method, HPV detection method, and HPV genotyping method) are summarized in Supplementary 1 (www.jocmr.org). As for the method of oral sample collection, oral swab, oral rinse, and saliva collections were conducted, with 15 studies (51.7%) using oral rinse samples, 11 (38.0%) using oral swab samples, and two (6.9%) using saliva samples, while one (3.4%) used both oral rinse and oral swab samples. In 11 of the 15 studies that used oral rinse samples, both oral rinse and gargle samples were collected, with Scope mouthwash (Procter & Gamble) or saline utilized for those, though Scope mouthwash was more frequently employed.

HPV detection and genotyping method {#s3b}
-----------------------------------

As for the HPV detection method, consensus PCR targeting the HPV L1 region was commonly performed in 20 studies while direct HPV genotyping without HPV detection was performed in nine. The consensus PCR primers used in those 20 studies were PGMY09/PGMY11 (n = 6), GP5+/GP6+ (n = 2), and MY09/MY11 (n = 1), while nested PCR using GP5+/GP6+ and MY09/ MY11 primers was done in seven, and other primers were used in four. PGMY09/PGMY11 was the most commonly used primer set for HPV detection. For HPV genotyping, HPV genotypes were determined by hybridization of amplified HPV DNA with type-specific probes, restriction fragment length polymorphism (RFLP) analysis, or sequencing.

PCR was frequently employed for HPV detection with multiple consensus primers against L1, a highly homologous region in the HPV gene. Of the consensus primers, the PGMY09/PGMY11 set of primers is known to be more sensitive than MY09/MY11 and GP5+/GP6+, allowing for detection of more HPV types \[[@R37], [@R38]\]. PCR detection results reported in 20 studies showed a relatively wide variation (0.67-34%) in the rate of HPV-positive cases, suggesting influence by the detection method as well as the subjects. For HPV genotyping, DNA hybridization with genotype-specific probes was frequently employed, as it is useful for detection of combined HPV infection, though less sensitive \[[@R39]\]. In addition, the cut-off values used are critical for this method, thus positive rates may vary with different values.

Based on previously reported epidemiological and biological data, 12 HPV types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) have been defined as group 1 human carcinogens according to the International Agency for Research on Cancer (IARC) \[[@R40], [@R41]\]. In addition, HPV-26, 53, 66, 73, and 82 have been defined as possibly carcinogenic (group 2B). In 29 of the present studies analyzed, patients possessing HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, and 73 were defined as high-risk type HPV (carcinogenic HPV), while those possessing HPV6, 11, 40, 42, 43, 44, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84, and 89 were defined as low-risk type HPV (non-carcinogenic HPV). HPV26, 53, 66, and 82 were defined as high-risk type HPV in three studies and low-risk type in four.

Oral HPV prevalence in men who have sex with men, males, and females {#s3c}
--------------------------------------------------------------------

The mean values for oral HPV prevalence are shown in [Figure 1A](#F1){ref-type="fig"}. The prevalence rates for overall HPV, low- and high-risk type HPV, and HPV16 were 5.5%, 2.2%, 2.7%, and 1.0%, respectively. The values for mean prevalence of HPV among men who have sex with men (MSM), males, and females are shown in [Figure 1B](#F1){ref-type="fig"}. The prevalence of all HPV types was considerably higher in the MSM group as compared to males and females. In addition, the prevalence of overall and low-risk type HPV was higher in males than in females, whereas no significant difference was found for the prevalence of high-risk type and HPV16.

![HPV prevalence of MSM, male and female. (A) Mean prevalence of overall HPV, low-risk type HPV, high-risk type HPV and HPV16. The prevalence rates for overall HPV, low- and high-risk type HPV, and HPV16 were 5.5%, 2.2%, 2.7%, and 1.0%, respectively. (B) Mean prevalence of selected oral HPV groups and HPV16 among MSM, male and female. The prevalence of all HPV types was considerably higher in the MSM group as compared to males and females.](jocmr-08-721-g001){#F1}

Risk factors for oral HPV infection {#s3d}
-----------------------------------

Several studies have found that sexual behavior (i.e., marital status, number of sex partners, oral sex, and anal sex), smoking, and alcohol drinking are significant risk factors for oral HPV infection \[[@R10], [@R20], [@R23], [@R30], [@R31], [@R33]\]. Therefore, we performed a meta-analysis to investigate the association between overall oral HPV infection and outcome, as described above. With regard to sexual behavior, the prevalence of oral HPV infection was increased in subjects who had experience with oral sex as compared to those who did not, and a significant statistical association was found between oral sex and oral HPV infection (OR: 1.90, 95% CI: 1.51 - 2.39, P \< 0.0001) ([Fig. 2A](#F2){ref-type="fig"}). Furthermore, we performed a meta-analysis to examine the association between oral sex and HPV infection in females \[[@R12], [@R18], [@R20], [@R23]\], though no statistically significant association was found (OR: 1.08, 95% CI: 0.70 - 1.67, P = 0.71). As for males, Dahlstrom et al reported a high prevalence of oral HPV infection in men who had oral sex experience, though no significant association between oral sex and HPV infection was found. With regard to smoking habit, we found that smoking was significantly associated with oral HPV infection (OR: 2.13, 95% CI: 1.32 - 3.43, P = 0.0024) ([Fig. 2B](#F2){ref-type="fig"}). In addition, that association was significant in females (OR: 2.19, 95% CI: 1.26 - 3.82, P = 0.0058) \[[@R12], [@R13], [@R23]\], indicating a strong relationship between females and HPV prevalence. In their previous study, Dahlstrom et al found a statistically significant association between smoking and oral HPV infection in males \[[@R13]\]. Together, these results suggest that oral sex experience and smoking are related to oral HPV infection, while it is important to note that smoking is strongly associated with oral HPV infection in females. Publication bias was evaluated by use of a funnel plot and Begg's rank correlation test, with no significant bias detected for oral sex experience or smoking (P \> 0.05).

![Meta-analysis of the association between oral HPV infection and sexual behavior, smoking and drinking. (A) Forest plot of overall oral HPV infection and oral sex. Meta-analysis using a fixed effects model demonstrated that oral sex was significantly correlated with oral HPV infection (P \< 0.0001). \*Gender: M: male; F: female. (B) Forest plot of overall HPV infection and smoking. Meta-analysis using a random effects model demonstrated that smoking status was significantly correlated with oral HPV infection (P = 0.002). \*Gender: M: male; F: female.](jocmr-08-721-g002){#F2}

Discussion {#s4}
==========

Keimer et al reported oral HPV infection rates (overall HPV infection rate: 4.5% and HPV16 infection rate: 1.3%) in healthy individuals in a systematic review \[[@R42]\]. Our results showed higher HPV infection rates than those reported by Keimer et al. This is explained by the involvement of male same-sex partners. Keimer et al reported that prevalence rates for overall HPV were nearly the same in males and females (4.6% vs. 4.4%) \[[@R42]\]. In the present study, the overall prevalence rate for HPV was lower in females (2.9%) than in males (4.7%), indicating the possibility of a recent slight decrease in rate of HPV infection in females. As for HPV16, our results showed nearly the same infection rate (1.0%) as in that previous study (1.3%). We speculated that HPV16 is a common high-risk type of HPV found not only in the cervix but also the oral cavity.

The results of this analysis demonstrated that oral environmental changes due to sexual behaviors and smoking strongly influenced HPV infection. Oral HPV infection is likely to be transmitted to partners through sexual behaviors because of the absence of subjective symptoms. In addition, biological reasons why smoking is involved in HPV infection include the induction of inflammation and suppression of immune mechanisms in the oral mucosa, caused by chemical substances contained in tobacco \[[@R22]\]. Periodontitis and gingivitis are also potential risk factors for HPV infection \[[@R43]\]. Poor oral hygiene may increase the risk of HPV infection. A comparison of HPV infection between denture users and non-users demonstrated a higher HPV infection rate in the former, demonstrating that oral mucosal injuries caused by mechanical stimulation of dentures and poor oral hygiene due to unclean dentures were involved in HPV infection \[[@R46]\]. In addition, the oral HPV infection rate is higher in women with HPV-infected cervices, suggesting that HPV infection in the cervix is another risk factor for oral HPV infection \[[@R47]\].

Gillison et al show bimodal peaks of HPV infection at the ages of about 30 and 55 and about 25 and 55 in males and females, respectively, suggesting that increased sexual activities and decreased oral immune functions due to aging might have raised infection rates \[[@R31]\]. In Japan, the decreasing average age at starting sexual activities may have increased the HPV infection rate in young people \[[@R48], [@R49]\]. The most common high-risk type of HPV infection seen in the oral cavity and cervix of sexually active young people is HPV16 \[[@R09], [@R12], [@R13], [@R27], [@R47]\]. Furthermore, HPV42 is a common low-risk HPV type seen in those locations in young females \[[@R09], [@R27]\], while HPV18 is commonly found in the cervix but not the oral cavity in young subjects \[[@R09], [@R12], [@R13], [@R27]\]. Most HPV types commonly detected in the cervix are also found in the oral cavity, suggesting that concomitant HPV infection in those locations is common in young females \[[@R27], [@R50]\]. In addition, detection of the same HPV type in both oral and cervical samples was reported to be much higher in HIV-positive as compared to HIV-negative women \[[@R51]\], indicating that sexual activity and suppressed immune function may induce concomitant infection with the same HPV type in the oral cavity and cervix in females. In a study of elderly subjects, Castle et al found increased cervical HPV prevalence and persistence of HPV infection in females older than 65 years despite their low level of sexual activity \[[@R52]\]. In another study, persistent cervical HPV16 infection was associated with a low lymphoproliferative response in older women, indicating that the increased rate of HPV infection seen in older individuals may be associated with suppression of host immunologic responses \[[@R53]\]. As for oral HPV infection in older individuals, not only impairment of systemic host immune response but also that of local environments, caused by such factors as denture use and poor oral hygiene due to lack of self-care, may induce increased risk of oral HPV infection.

Smoking significantly increases the risk of oral HPV infection in both males and females \[[@R12], [@R13], [@R22], [@R23]\]. In our study, we found a significant relationship between smoking and oral HPV infection in females. In addition, Gillison et al reported that female smokers had a significantly higher prevalence of HPV infection as compared to male smokers (10 - 20 cigarettes/day, 4.23% vs. 1.29%; \> 20 cigarettes/day, 5.92% vs. 1.58%) \[[@R31]\], supporting the notion that smoking is significantly associated with oral HPV infection in females. However, it remains unclear why female smokers are more susceptible to oral HPV, though smoking-inhibited humoral immunity may be a factor.

HPV is thought to be sexually transmitted to the oral cavity via oral sex and open mouth kissing \[[@R54]\]. As for oral sex, several studies have found that oral sex experience and number of oral sex partners are significant risk factors for oral HPV infection \[[@R11], [@R33]\]. However, it remains controversial whether oral sex is an independent risk factor for oral HPV infection among males and females. Oral sex has been reported to increase the risk of HPV infection among young men (18 - 24 years) and young women (mean age 21.9 years) \[[@R12], [@R13], [@R54]\]. On the other hand, other studies did not find a significant association between that and HPV infection in men or women \[[@R20], [@R22], [@R23]\]. These conflicting results may be attributed to the characteristics of the study participants (i.e., sexual activity, sexual behavior, and genital HPV infection status of sexual partner). Furthermore, oral to oral contact (i.e., open mouth kissing) is also an important route of HPV transmission, and a significant risk factor for oral HPV infection in young men and women \[[@R33], [@R54]\]. Additional studies that focus on the oral/genital HPV status of healthy couples may help to clarify the correlation between oral HPV infection and sexual behavior, such as oral sex and open mouth kissing.

Four prospective cohort studies to follow-up individual subjects provided new findings regarding the duration of persistent HPV infection \[[@R15], [@R22], [@R28], [@R32]\]. Rautava et al investigated 324 women for 6 years, demonstrating the highest HPV16 infection rate during follow-up periods and a mean HPV16 infection period of 18.6 months \[[@R32]\]. Kero et al investigated 131 fathers for 7 years, demonstrating a mean HPV16 infection period of 21.7 months, the longest duration of high-risk type HPV infection \[[@R15]\]. In addition, smoking was previously demonstrated to increase the duration of infection with high-risk type HPV (HPV16, 18, 31, 33, 35, 39, 45, 52, 58, and 59) \[[@R15]\]. HPV infection is thought to induce HPV-specific immunity by aiding the clearance of subsequent HPV organisms \[[@R55]\]. Oral HPV-infection was shown to be related to increased concentrations of salivary IgG and lysozyme, indicating that humoral immunity plays a role in clearance of HPV from the oral cavity \[[@R56]\]. However, smoking can inhibit immune response in the oral cavity because of its oxidant components, such as carbon monoxide, nicotine, and other chemical compounds \[[@R57]\]. Thus, local immunosuppressive effects of smoking may affect susceptibility to HPV infection and increase the duration of virus infection in the oral cavity. In addition, smoking reduces the level of serum anti-HPV antibodies in cervical HPV-positive females, suggesting that it inhibits seroconversion in response to HPV infection \[[@R58]\]. Kreimer et al surveyed oral HPV infection in 1,626 men for 4 years, demonstrating that the mean durations of HPV and HPV16 type were 6.9 and 7.3 months, respectively, and that most HPV infections disappeared within 1 year \[[@R22]\]. Furthermore, HPV16 infection is more persistent in the elderly than in young people \[[@R45]\]. Thus, although most HPV infections disappear within 1 year, HPV16 infection continues from 6 months to several years. Smoking and aging are risk factors for prolonged high-risk HPV type infections. Persistent high-risk HPV type infections through smoking may be involved in the development of HPV-related oral cancer.

The prevalence of oral cancer in Europe and the United States shows a downward trend due to decreasing smoking rates, but remains high in India and its neighboring countries \[[@R59], [@R60]\]. The oral cavity is anatomically susceptible to various physical, chemical, and biohazard factors. Risk factors for oral cancer include smoking, drinking, oral hygiene, periodontitis, chronic mechanical stimulus, and viral infection \[[@R61]\]. Thus, many risk factors, including HPV, may act synergistically in the oral cavity, unlike in the cervix, causing oral cancer. HPV is markedly different from other DNA viruses in that it cannot be cultured *in vitro* or eliminated by the immune system. HPV infects and remains in the basal cells, but is released outside the body upon the differentiation of the infected cells into keratinocytes, and, therefore, does not enter the blood, thereby evading immune surveillance. When the mucous membrane is injured, HPV is incorporated as a nuclear episome into the basal cells and remains as transient infection. Meanwhile, HPV replicates within the cell nucleus, and, if the viral genome is integrated into the host genome, it causes persistent infection for several years. Subsequently, atypical cells develop and increase in the epithelium to be recognized as a precancerous lesion, which becomes malignant and progresses to squamous cell carcinoma. Thus, it takes several to more than 10 years for HPV to infect cells and cause carcinogenesis. Ndiaye et al reported that 32% of all head and neck cancer patients were positive for HPV, of whom 82% were positive for HPV16 \[[@R62]\]. In addition, 24%, 14.9%, and 5.9% of all oral cancer patients were positive for HPV, HPV16, and HPV18, respectively \[[@R62]\]. We previously determined the positive rates of oral HPV16 infection (36% in the normal mucosa, 61% in epithelial dysplasia, and 35% in squamous cell carcinoma), showing that the HPV16-positive rate was the highest in precancerous lesions. HPV16 was positive in 82% of epithelial dysplasia cases that finally progressed to cancer \[[@R05]\]. These findings suggest that HPV16 plays an important role in promoting malignant transformation during progression from epithelial dysplasia to squamous cell carcinoma.

Following integration of HPV DNA into the genome of infected cells, the expressions of E6 and E7 proteins suppressed by E2 protein are reactivated, thus inducing the overexpression of oncogene products by E6 and E7 \[[@R63]\]. Thus, HPV DNA integration into host genomes can be examined by investigating E6 and E7 expression. Specifically, those protein expressions as well as detection of HPV DNA are necessary to demonstrate that HPV is involved in carcinogenesis. Currently, RT-PCR is widely employed to analyze E6 and E7 mRNA expressions. Recent studies demonstrated that the positive rates of E6 and E7 mRNAs in oral squamous cell carcinoma were 0-9.4% \[[@R64]\]. The positive rates of E6 and E7 mRNAs in Japanese were 10% in oral cancer, 52.2% in oropharyngeal cancer (tonsil cancer), and 25% in laryngeal cancer, demonstrating the highest prevalence in oropharyngeal cancer \[[@R71]\]. In addition, the copy number of the HPV16 genome was high in oropharyngeal cancer, demonstrating that the oropharynx is a common site for HPV16 infection compared with other head and neck region \[[@R71]\]. Previous meta-analysis demonstrated that the positive rates of E6 and E7 mRNAs were higher in oropharyngeal cancer than in oral and laryngeal cancers, strongly suggesting that HPV-related cancer genes play an important role in malignant transformation to oropharyngeal cancer \[[@R62]\]. Thus, the HPV infection rates and oncogene expressions vary among different sites (i.e., oral, oropharyngeal and laryngeal site), showing the interesting biological characteristics of HPV-related cancers. It has not been fully elucidated why the oropharyngeal region is more susceptible to HPV infection than the oral cavity. Importantly, there are histological differences between the oral cavity and tonsillar region \[[@R72]\]. For example, lymphoid tissues are abundant in the palatine tonsils of the oropharynx and base of the tongue. Furthermore, squamous epithelium lines the surface of the oral cavity, whereas reticulated-epithelium lining tonsillar crypts is a characteristic of the tonsillar region. The specific anatomic structure of the tonsillar region may be sensitive to HPV infection because the viral organisms may become trapped in tonsillar crypts and then infect basal keratinocytes by invading through the epithelium.

Conclusions {#s4a}
-----------

We found that sexual behavior and smoking are related to oral HPV infection in healthy individuals. Importantly, current smoking was shown to be a significant risk factor for oral HPV infection in females. A clear understanding that smoking, oral hygiene, and sexual behaviors are risk factors for oral HPV infection may lower oral HPV infection rates, while elucidation of the related molecular biology will reduce the occurrence of HPV-related cancers.
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